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Abstract 


this paper refers to environmentally induced electrical anomalies V/hlch are 
known to occur on geosynchronous spacecraft, and In particular to those which 
have occurred on the SKYNET 2B communications spacecraft. Details a^e gWen 
of the investigation made into anomalous telemetry data received from SKYNET 2 B 
during its first 23 months of operation. The frequency and timing of these anoma- 
lous events appear to differ from those described in earlier reports of such 
phenomena. Attempts are made to correlate the anomalous telemetry data with 
data describing the spacecraft environment. Some details are given of the space- 
craft configuration and comments made on its Susceptibility to anomalies of this 
type. 


1. IMHOnn.TION 

The SKYNET System forms part of the United Kingdom (UK) Defense Communi 
cations Network. The most reeeflt spacecraft, SKYNET 2B^ was launched from 
the American Eastern Test Range oh 23 November 1974 Into geosynchronous orbit 
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and wa& etationcd at longitude uppfoicltnatel}' 40^ Rust. The sput’ceruft is controlled 
and nionitorcd continuously by the Royal Air Roree from its Telemetry and Com* 
mand station (Tes) located at Oakhangcr, Rngland. Throughout the period of 
orbital Operations, althougr. setisfaetory communications have been maintained, a 
eonsiderable number of anomalous telemetry events have been recorded and inves- 
tigated. This report refers to those events that • <»ve been attributed to electro- 
magnetic interference (EMI) caused by electrical discharges with'.n the spacecraft, 
which have been deduced ad having been Crtvirortmentally induced. * ' Anomalies 
of thU type dice caused by EMI generated by electrical discharges within the space- 
craft. Electrical discharges can result from the differential charging of space- 
craft Surface materials to high voltages after exposure to the local plasma 
environment at geosynchronous altitude. Spacecraft charging is frequently associ- 
ated with magnetic SubStOrm activity when energetic plasma is dispersed after the 
interacUun of the solar vv/ind with the ma^etosphere. ^ 

2. iS\K.iHrAih>\s 01 \\OM\Kuis iui\ 

Tne SKYNET 2B telemetry data, transmitted continuously from the spacecraft 
are received by TeS, recorded on tape and also automatically checked by a com- 
puter in real time to ensure that individual telemetered parameters remain within 
prescribed limits. All deviations from nominal values, omissions or mistime ' 
data are scrutinised and in each case standard anomaly investigation procedures 
are observed, involving the detailed assessment of every new type of anomaly by 
a special committee of advisers. Anomalies are classed either as discrete Or 
repetitive, those in the latter category recun ing at various times throughout the 
year. Certain of hie discrete anomalies observed to date indicated individual 
malfunctions within the spacecraft, and in each of these cases a detailed failure 
mode analysis was carried out, and where necessary, redundant spacecraft systems 
v^ere switched ift by command, tn all Such cases. Contingency action was success- 
fully employed and Satisfactory communications operations were maintained. 

It is not proposed in this paper to refer further to operatiohal aspects of 
SKYNET 2B, but rather to consider in more detail the investigations which led to 
the concluolon that most of the repetitive anomalous telemetry events \Vere caused 
by the effects of the space environment on the spacecraft. 

:i. viniiili ii:» TO Ki.Kt ThOMti.M lO f i:HCM I: 

LHirift^ the first 3 months of orbital operations, a small number of discrete 
anomalies Had been observed on the SKYNET 2B spacecraft. iXiring March/Apr 11 
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lOTTi, x’epc'tUivp uhonuillcf^ oecurroU with ;^hlnM fri tjuc iu y and far uuinuiulu rt <1 
thf dl,st*rt‘tp anomalU B, A Hprt lal InvrHtlgutUm uf thrar anomailrH wan nauk 
vvhlfh uoiududed that moat, hut nut all, uf the j i putltlvc ty|u* ni anomaluuH t vi iitn 
uuuurruU within flu* HparenTuft. Th( hu anomulluH w vrv gunuraUy of nhorl durallun 
and gave no iinmrcliatr indication of permanent romponent failure, riu* moat likely 
explanation was the Introduction of from unknown sources within the spare = 

craft, Into the logic timing circuits of the Telemetry and i’ommand Subsystem, It 
wa6 apparent by this5 time that the charat terlstics of these particular anomaJlt s 
were very similar to the environmentally-indut cd anomalies exfierienced l)v other 
geosynchronous spacecraft. 

Although it is now known that most geosynchronous spat ccrafi have ex|)ericia v< 
anomalous behaviour that l ould be due to spacecraft charging phenomeiuu few have 
been fitted with the necessary instrumentation for monitoring the extent of electro- 
magnetic noise generated by electrical discharges during orbital operations. 
and SKYNKT 213 has no special instrumentation for this purpose, 1‘or this reason 
;t was decided to continue to maintain careful records of ail SKVNL T 213 anomalous 
telemetry events, and from those diagnosed as being caused by KM I, to isolati* 
those anomalies that could only have been cans***! by phenomena occurring within 
the spacecraft. Anomalous telemetry data could of course arise from a variety of 
sources including t!,e effects of electromagnetic interference at any point in the 
overall cbmmunteation system, that is, the spacecraft, the radio frequelity trans- 
mission link, the receivers, and the data reduction equipment at the ground station. 
It was necessaiy to discard anomalies from the analysis unh‘ss additional evidence 
showed that they originated la the spacecraft and hence might have originally been 
induced by the geosynchronous environment, Ih order to maintain a high confidence 
level when attributing an anomaly to electrical discharges within the spacecraft, 
numerous checks were carried out to eliminate the ground-based receiving and 
data processing equipment as a possible source. Fortunately the SKYNET 2B 
system utilizes two separate? transmission links operating in different frequency 
bands, with separate ground stations, and with parts of the standard telemetry 
format duplicated in each link. This moans that anomalies occurring simultane- 
ously on both transmissions can be considered as originating within the spacecraft 
to a high level of confidence. 

Figure 1 shows the distribution since launch of repetitive anomalous telemetry 
events attinbuU^d to EMI genei^ated withih the spacecraft (a total of approximately 
300). These anomalies represent approximately 20 percent of the total number 
that were considered to be the result of electromagnetic Interference somewhere 
in the overall system. It is probable that a large proportion of the remaining 
BO percent could also have originated within the spacecraft; however, this cannot 
be rigorously proved. The anoniallcs shown tn Figure 1 are unevenly distributed 
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Figure 1. SKYNET 2B Ano nalies ift Flight Teiemetry Data Attributed to 
= ||; Electromagnetic interference Within the Spacecraft 





4 




with time of year, fewer occurring in Summer and Winter months than Spring or 
Autumn. l*he largest Iiumber of anomalies occurred in 1975 after the commence 
ment of the Spring eclipse season, when the spacecraft is eclipsed by the Earth 
once per dally orbit. Anomalies t* iring 1976 have followed a similar pattern to 
1975 but are feWer in number. 


j. c:oiuU:i.\Tio> oi v\oM\Lii:s m\\ K^MWONMkMvL T> 


Environmentally-induced anomalies, as the name implies, result from the 
interaction between a spacecraft ahd its environment. Important factors contribu- 
ting to this interaction are: first, the dally impact of the solar wind on the mag- 
netosphere i nd the resulting composition and variations in energy state of the 
geosynchronous environment in the vicinity of the spacecraft; second, the opera- 
tional condWons of the spacecraft, for example, its velocity, position, solar 
illuminance, the spacecraft-Sun angld, attitude, eclipse or shadowing effects etc; 
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Ir thci case of SKYtJEt 20 attempts were made to correlate the repetitive 
anomalies of Elgufe 1 with feitvtronmehtal data such as: time of day, sun-spot or 
magnetic activity, operational conditions, degree of solar lllutnlnatlon, eclipse 
periods, etc. ElgUre 2 indicates the distribution throughout the day of 

ahom Ules attributed to environmentally -induced effects wtthlrt the spacecraft. The 
relatively even dally local-time distribution of anomalies Is significant, because It 
differs from distributions reported from other geosynchronous satellite projects. 


which in Heated that anomalies tended to occur with greater frequency In the local 
midnight to dawn sector. Such distributions are consistent with the theory that 
spac<;craft. after passage through the antisolar tail of the magnetosphere, become 
charged tb very high potentials as they enCoUater high energy electrons which are 
injected into this sector of geosynchronous orbits during local magnetic subStorm 
attivily. Furthermore, it Was aSSvuned that anomalies due to this cause would be 
unlikely to occur in Significant numbers outside this time sector. ' There is 
nov however, little doubt that a significant number of environmentally-induced 


AHomaUes attributed to PERlOb 

EliattromadnMic IhtOrtarer.cO From launch hiov. 23.1^74 

v/iihin the spacdci^ft. toOct.3lst,197o 

Miad'oy 



Flpu e 2. SkYilfi'r 2B Anomalies in Telemetered data Local 
Time Dependehce 





dADRtalled do in f&tt octut* outside the local momirtg adcior. “the ftrdcide mdcha- 
nidms to Explain the Occurfeilce of each anoMaiiea afe hot yet uiiderhtood. One 
pOsaibillty duggested in the case of the tls DSCS II Cohmlunications satellite 
ahOihaly invehtigatiohs. id the subsequent Interaction of a spacecraft, charged 
during the midnight to dawn sector, vvith detached regions of cold aow energy) 
plasma causing partial discharge and differential voltage breakdown. ^ 

In order to account for the very large numbers of anomalous events recorded 
on SKYrlET 2B. It seems more likely that different types of discharge which have 
a lower threshold or do not require very high breakdown potentials may be re- 
sponsible. Alternative mechanisms that have been reported are So called 'Malter' 
discharges or Bllayer 'scintillatlott' types of discharge. 

A very significant factor concerning the SKYNET 2B data is that, by recording 
and analysing relatively minor occurrences throughout each day, a relatively large 
statistical Sample of anomalies has been Obtained. A check was made of the length 
of time during which the ground receiving station or the computer monitoring were 
out of commission. It was concluded that on average this was less than 10 percent 
of the total time and, therefore, did not significantly affect the time distribution of 
recorded anomalies. 

There was no obvious correlation between the anomalies and dally values Of 
Sunspot number (Zurich relative sunspot number RZ). However, this would be 
unlikely in view of the variable time delay of between 20 and lOO hr before any 
Significant effects are experienced at geosynchronous altitude following surface 
activity on the sun. 

Figure 3 shows the geomagnetic activity index Ap plotted to the same time- 
scale as the anomalies. There is evidence of Correlation between some of the 
higher peaks of magr Stic activity attd the frequency of anomalous events. Corre- 
lation was also sought between the anomalies and the 3-hourly magnetic K Indices 
from selected high-latitude observatories North of the spacecraft, with similar 
results. 

It is apparent from the overall distribution of anomalies through the year, 
that factors other than geomagnetic activity must also be Significant. There was, 
for example, a very noticeable increase in anomalous events during the 1978 Spring 
spacecraft eclipse season, which seemed to suggest that each daily eclipse In- 
creased the likelihood of differential spacecraft charging and hence of subsequent 
disch^ge events. Although other eci^se seasons also Show an Increase In the 
number of anomalies there is. nevertheless, a small but significant number out- 
side the eclipse seasons. One possible explanation is that changes in sUn angle 
with respect to the spacecraft and the detailed spacecraft configuration are also 
relevant factors. 
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Figure 3. SKY.NET 2B Anomalies in Plight Telemetry Data (Attributed to 
Electromagtietie Ittterferertce Within the Spacecraft) 


3. SI SCKPTIIMLITV Of ShVNKT 2|j TO l;^\llU;\MI■M VLI.V IN 01 (HI 
ANOMMJKS 

The susceptibility of a geosynchronous spacecraft to environmentally induced 
anomalies is very dependent upon its precise geometric configuration and detailed 
mechanical and electrical properties. ^ The accumulation of charge and 
spacecraft floating potential will depend upon the type of surface materials exposed 
to the energetic plasma environment, and the different secondary electron emis- 
sion and photoemissive properties o' individual conductors and dielectrics. An 
Important factor is the extent to v nich such surfaces are illuminated by the Sun or 
shadowed. Furthermore, apertures and projections in the spacecraft configura- 
tion cart become significant when related to the spacecraft Sun angle and its attitude. 
C'ther important factors include the voltage breakdown characteristics of individual 
surfaces and the Susceptibility of the various spacecraft subsystems to EMi. 

Figure 4 shows the basic SEYNET 2B configuration. The spacecraft uses 
spin stabilization with a nominal 90 rpm spin rate. The sides of the spacecraft, 
apart from the thrUsters and sensors, are almost completely covered with solar 
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Figure 4. SKYNET 2S Satellite 


cells mounted on fiberglass substrates. The solar cells having fused silica cover 
slips should be relatively immune from large discharges. The forward and aft 
end shields, however, seem more likely to be susceptible to spacecraft charging 
effects. 

Figure 5 shovvs the varlatiohs in sun angle relative to the spacecraft equator 
with time of year for SKYNET 2B. During the Winter months the forward shield 
is in shadow and the aft Shield illuminated, these conditions being reversed during 
the Summer months. The spacecraft is eclipsed for a maximum period of approxi- 
mately to min each day during March and September when the Sun angle is normal 
to the sides of ^he spacecraft. There are a nvunber of small apertures in the sides 
of the Spacecraft and the possibility of solar illumination reaching isolated, con- 
ductive of dielectric surfaces inside the spacecraft cannot be discounted. 

SKYNBT 2B successfully completed a prelaunch test program including 
standard EMC test procedures involving the injection of interfering pulses into 
selected poUrer lines etc; however. HO special tests were made that would simulate 
the effects of electrical discharges Irt the vicinity of the spacecraft. There was 
no obvious source of arcing within the spacecraft subsystems and no evidence of 
self • generated interference during prelauHch tests. 



S^N AkiS t>AAALUL 
TO UATH AXli 



f Variatidtt of Suti Angle With Hefipect 

to Satellite Equator ^ 


It eeems likely that the SKVNtiT. 2B Telemetry Subsystem would be more 
susceptible than other subsystems to external interference because of the relative- 
ly large number of switching devices that it contains. 


6. tONCLl'SlONS 


The main conclusions reached from the ihvestigatiohs of SkTNfiT 2B anoma- 
lous telemetry data are aS follows: 
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(1) the majority of the repetitive typos of SKYNtt 2B telemetry anc.mallos 
can be attributed to environmerttdlly-lftduccd spacecraft charging effects for the 
foUovvlng reasons: 

(a'< the most likely source of these anomalies Is the presence of short 
bursts of electromagnetic r: Interference Ift the vicinity of the space- 
craft. (Anomalies due te EMI from other sources having been elimi- 
nated by careful scrutiny of the data. ) 

fb) there wad no other more conventional Source of EMt within the 
spacecraft and there was no previous evidence of such interference 
during prelaunch ground test programmes. 

(c) the occurrence of the anomalies Is accentuated over the Eclipse 
seasons and, therefore, maybe associated with photoemlsslve effects 
and changes in spacecraft Sun angle (see Figure 5). 

(d) There is some degree of correlation of the anomalies with geomag- 
netic activity. 

(2) Important features of the SKYNET 2B data compared with those of other 
spacecraft are: 

(a) tlie very large numbers recorded due to continuous monitoring, and 

(b) The relatively even daily distribution with local spacecraft time. 

(3) The most important unanswered questions concern the precise nature of 
the environmental phenomena and their, interaction with the spacecraft. The 
chjirge/ discharge mechanisms which would produce a large number of anomalous 
events with a relatively even daily distribution such as observed on SKYNET 2B 
and additionally have the observed seasonal distribution, also require further 
Study. 
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